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Design and synthesis of pyrogallol and adamantane derivatives
targeting coronavirus Mpro
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Abstract: The pyrogallol compounds containing adamantanes were designed and synthesized by acyl chloride
method and carbodiimide condensation method in order to obtain better anti-coronavirus activity compounds. All
the 20 target compounds were characterized by mass spectrometry, 'H NMR and "C NMR, and the coronavirus
main protease (Mpro) inhibitory activity and molecular docking were tested. The activity of 20 pyrogallol
analogues targeting Mpro was screened. The IC,, values of compounds 2e and 2m were 0.98 and 0.36 pmol-L",
respectively. Compound 2e is close to the positive drug (baicalein) IC,,. Compared with baicalein, compound 2m
has better activity, and its IC,, value is about 0.4 times that of baicalein. The molecular docking results show that it
interacts with SARS-CoV-2 Mpro mainly through hydrogen bonds and hydrophobic bonds. The hit compound 2m
obtained in this study provides a new material basis and research ideas for the development of anti-coronavirus
drugs.
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gk R B A — IS EL A B I 1F i % RNA e 2,
W ARG R Na oy o ag, Hrhplaid
AR B 0T N A e g b e KU BB FT R 7r N AVBLC
1, £03E HCoV-OC43 Al HCoV-HKUL, = i Y 14 fili 4 75
# (SARS-CoV) F12019 H7 474K 8 (2019-nCoV) K
IR P 25 A I T IR 9% B (MERS-Co V)P, A3k [l
M H SARS-CoV-2 51 R ¥ et Jili 28 9% 1% O B a 73
NFET:, B o~ FEAd AN 22 4 o 3 el 3 B 4% S5 # 0k
T2 R ILER 1 000 A, {845 5V (1038 et 1 B A2 e ik 2 22
fapyd 50 5. ARM A S FEG EEA
I (main protease, Mpro)~ RNA & #fi [f] RNA % &
(RNA-dependent RNA polymerase, RdRp) A JNFE &
li (papain-like protease, PLpro). S & A", Mpro X #
N 3CHEE I BE (3C-like protease, 3CLpro) 1E A 7k IR I
B S S A% O T o, DR 9 v B RSP A, O
HAENREA [FVR & H, Mpro TN LHT e 55 24
VIR I AZ O BB f 22— Mpro 11l 771 AN A fi 4171 1
T A et IR0 B 1Y 58, 3 B A 057 2 e R 2 Ak 1R ),
S BCATT R SR A 2 AR . & bl
(¥] Mpro #1747 B H & 5 CGRIEVRR S + FIFEIE )
BEBR B el ik GeihRe T + BRI 3 K55
5 (leritrelvir) ™' F1 Z& i 5E (B 2 45 45 + FIFERIE 43)1)
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(IERES SRS

O BF AL, — S8 R AR 1)t B AT # Mpro H
WA, Hh R E W SR — € Efl. Hu
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5 SARS-CoV-2 ] 54 Mpro PLpro 1 RdRp 25 & {4 45
A NI LR N R0 T B IRG o S SR T e 32 N
AN [R] 2 B 5 i 254k B 0 50 et R 96 B Mpro A ¥ 7E [ 417
HAE L, AU B A S v R R A R B
R RS B &R (herbacetin)'; SHERZS: KB
¥ 2 (luteolin)™; 3% J5-3-l% 2 (-)-gallocatechin-3-O-
gallate!”; 3 i 15 95 BP M 1F (rhoifolin)™ A 28 £ 1
H (pectolinarin)!" i J K F L (K 1),

8 3T % O FE R 8 & 4% B2 (fluorescence resonance
energy transfer, FRET) Il & H A LA $0 ] 4 H 1) 35 %5
# (baicalein) %} Mpro ] 1C,, >4 0.94 pmol-L"' ", J# it
X-5F 28 K B, 155 R 10 3 AN 2 5L 5 Mpro (1) Leul41/
Gly143 [f) T4 UL K Ser144/His163 [ 4 ¥ 1k % 4~ &
U, Su gY@ i Mpro 51§ % (myricetin) A2 AT
VS RS R R T AR =y R AR DR
7 5 Mpro [\ A6 A7 51 Cys145 HEAT LN 45 &, HFIEBA
TR =R AR SEH sk . BT IR AL, Wu
FINT A MM ER (dihydromyricetin) 3347 45 ¥ S ig
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Figure 1 The structures of flavonoids
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1 LEER

PAAG S W) 2 N ER R B W e £ gV A i e P 1 4T
S NSk . 1 & %E (dichloromethane, DCM)
VE IR L, 73 79 A FH Bt 0% Je 1- LB -(3- R R
FHE TR R e — 0 Ji £R IR £6 [1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride, EDCI]/4- —. FF & %
EBE (4-dimethylaminopyridine, DMAP) 4i & 7% &
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Scheme 1

AN 60.8% FH 45.39%, Al 1 3= 2218 H Ik S0 & s 48
Ew.

AW 2a~2g (A BN & BB 2R 1 BT, OEE
TR (1) NG R, H OB R R EA R A
2. FRACEY 2 BT R 3, W EW3 s
T NI R A G W) [ R AT B B ) 1a~1g, &5
LB LRI 15 B 2877 ) 2a~ 28

& W) 2h~2n 1) & B & RS 26 2 s,
2,3,4-= HAE L IR (4) IR (5), a5 55l
574G RGeS0 A 118 i TR 48 & 5 s A N A5 2]
HH AR Th~1n, e Bl 0k b ) B O 5 ORI 15 3 4
= 4) 2h~2n,

M T 3,4,5- = ALK 4% (6) Bt il B 1 Bt SR
T 06 05 T S, AH T R P M Oy A IR S R, 5
2 SR ASE s B AR 2 I P ) 3 %2, T R F EDCI A
DMAP 4G, RIS ZE =Pkl . R, 3,4,5-= 4
FR TR (6) 54 W kE 2 4uh 4 ) {5 F EDCI A1 DMAP
Gi4r, B R R R B = IR A 2 OR3P 15 B 2477 ) 20~
2t (B IR ZE 3), BARb &9 2a~ 2t 5 a1 2 iR

N-(1-( & W B -1- 58 ) 20 36)-3,4,5- = $5 55 2K H
Jiz (2a), WK AR, o3 7 X8 C HLNO,, 77 %K
31.3%. 'H NMR (400 MHz, MeOD) d,;: 6.83 (s, 2H),
3.81 (q, J = 6.9 Hz, 1H), 2.01~1.60 (m, 15H), 1.10 (d,
J=17.1Hz, 3H); "C NMR (101 MHz, MeOD) 6,.: 170.47,
146.61, 137.81, 126.91, 107.81, 54.66, 39.70, 38.21,
37.84,29.91, 14.17; ESI (m/2): [M-H] 330.17.

N-(ZWHe-1-28)-3,4,5- = F2 E K L% (2b), 4061
il g4, 4 7~ C,H, NO,, 77 % N 83.37%. 'H NMR
(400 MHz, MeOD) d,;: 6.75 (s, 2H), 2.17~1.65 (m, 15H);
"C NMR (101 MHz, MeOD) §,.: 170.18, 146.50, 137.62,

OH OéI\O OJ\O OJ\O OH
HO I \n/o I \n/o 11T \n/o v HO
HOI j\ .OH o OI )\ OH OOI j\ Cl o OI j\ R HOI 5\ R
o oA~ © oA~ © oA~ © o
2 3

la-1g 2a-2¢g

Synthesis of compounds 2a-2g. Reagents and conditions: I) (CH,CO),0, Conc. H,SO,, 90 °C, 15 min; II) (COCI),, DMF, RT,

4 h; IIT) adamantanamine derivatives or 1-adamantanemethanol, TEA, DCM, RT; IV) NH,-NH, H,0, DCM, RT, 1 h. DMF: N,N-Dimethyl-
formamide; RT: Room temperature; TEA: Triethylamine; DCM: Dichloromethane
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Scheme 2 Synthesis of compounds 2h - 2n. Reagents and conditions: I) (COCl),, DMF, RT, 4 h; II) adamantanamine derivatives or

1-adamantanemethanol, TEA, DCM, RT; III) BBr,, DCM, 0 °C—RT
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m%m%m

lo-1t 20-2t

Scheme 3  Synthesis of compounds 20-2t. Reagents and conditions: 1) adamantanamine derivatives or 1-adamantanemethanol, EDCI,
DMAP, DCM; II) BBr,, DCM, 0 °C-RT. EDCI: 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; DMAP: 4-Dimethylamino-

pyridine
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Figure 2 Chemical structures of compounds 2a-2t

2j

127.89, 107.67, 53.22, 42.33, 37.53, 30.98; ESI (m/z):
[M-H] 302.14.

N-CRUIR[1.1.1] % -1-3%)-3,4,5- = #5551
(2¢), & il 44, 73 XN C L H NO,, 7724 80.2%.
'H NMR (400 MHz, MeOD) d,;: 6.82 (s, 2H), 2.44 (s,
1H), 2.14 (s, 6H); "C NMR (101 MHz, MeOD) J.:
170.76, 146.57, 138.11, 126.29, 107.83, 53.69, 25.78;
ESI (m/z): [M—H] 234.08.

N-(3,5- 1 I G Wl g -1-38)-3,4,5- = $2 FE 2% 1 ik
[t (2d), A, 755308 C H,NO,, 7259 46.02% .
'H NMR (400 MHz, MeOD) 6,: 6.74 (s, 1H), 1.86 (s,
13H), 0.86 (d, J = 12.4 Hz, 6H); "C NMR (101 MHz,
MeOD) d.: 170.26, 146.50, 137.63, 127.89, 107.68, 54.89,
51.80, 43.83, 40.79, 33.32, 31.66, 30.74, 23.77; ESI
(m/z): [M=H] 330.17.

S NI E-1-25 B 36 -3,4,5- = R R K H IR I (2e),
WSRO, 1 0N CH,,0,, 77 % 62.82%
'H NMR (400 MHz, MeOD) 6,: 7.08 (s, 2H), 3.80 (s,
2H), 2.08~1.58 (m, 15H); °C NMR (101 MHz, MeOD)
J.: 168.60, 146.50, 139.69, 121.72, 109.97, 75.21, 40.46,
38.06, 34.56, 29.57; ESI (m/z): [M-H] 317.14.

N-( 4 W -1- 5 36 -3,4,5- = % 3 Ok Tk iz
(2f), BRELAE A, 73708 C (H,NO,, 772K 65.68% .
'H NMR (400 MHz, MeOD) d,;: 6.85 (s, 2H), 3.02 (s, 2H),
1.96 (s, 3H), 1.79~1.49 (m, 13H); "C NMR (101 MHz,
MeOD) d.: 171.00, 146.62, 137.86, 126.69, 107.78, 52.18,

::&@::z&ﬁ@&
ﬁﬁ*@% sigs ey
m@ mﬂ Kh@ el

oH OH
Ho (@ Ho
H
HO il HO N OH
I J 7%5
OH o ;

@m@

41.48,38.08, 35.85, 29.81; ESI (m/z): [M~H] 316.16.

3,4,5- = Fo L ON-(3-F2 L 4 W % - 1- 38 ) 2 Y I8 i
(2g), AFLL AR, 43130 C,H, NO, 73 N 46.5%.
'H NMR (400 MHz, MeOD) 6,: 6.74 (s, 1H), 2.30~
1.53 (m, 14H); "C NMR (101 MHz, MeOD) 6, 170.38,
146.52, 137.74, 127.68, 107.75, 69.71, 55.71, 44.94,
41.10, 36.16, 32.12; ESI (m/z): [M-H] 318.14.

N-(1-(4x NI -1-55) 2, 95)-2,3,4- = 2 5 7% Ik i
(2h), Ktk K, 7T X H C L H, NO,, 7224 40.57%.
'H NMR (400 MHz, MeOD) §,:7.25 (d, J = 8.8 Hz,
1H), 6.38 (d, J = 8.8 Hz, 1H), 3.86 (q, J = 6.9 Hz, 1H),
2.03~1.59 (m, 15H), 1.12 (d, J = 7.0 Hz, 3H); *C NMR
(101 MHz, MeOD) d.:170.46, 150.61, 133.95, 120.01,
109.94, 107.81, 54.28, 39.71, 38.20, 37.55, 29.92, 14.35;
ESI (m/z): [M-H] 330.18.

N-(&NIke-1-38)-2,3,4- = TR HBERE (21),
WA, 7N C,H,NO,, 7% %} 69.31%. 'HNMR
(400 MHz, MeOD) §,: 7.14 (d, J = 8.8 Hz, 1H), 6.34
(d, J = 8.8 Hz, 1H), 2.22~1.68 (m, 15H); "C NMR
(101 MHz, MeOD) d.: 170.21, 146.51, 137.62, 127.92,
119.73, 107.68, 53.23, 42.35, 37.55, 31.00; ESI (m/z):
[M-H] 302.16.

N-(CRUFR[1.1.17 7% -1-3£) -2, 3, 4- = 2 = 2 H1 ik i
(2§), ek, 472N C L H,NO,, 7 % N 39.3%.
'H NMR (400 MHz, MeOD) §,;: 7.10 (d, J = 8.8 Hz,
1H), 6.33 (d, J = 8.8 Hz, 1H), 2.45 (s, 1H), 2.16 (s, 6H);



Ty A SR SRR B Mpro 4828 =y 55 NI R AT AE B S B K <1271 -

“C NMR (101 MHz, MeOD) §,.: 172.57, 151.89, 150.72,
133.93, 119.24, 108.79, 107.72, 53.79, 25.87; ESI (m/z):
[M-H] 234.07.

N-(3,5- ~ F 3L 4 NI be-1-38)-2,3,4- = ¥ L 0K FH ik
i (2k), Rl i, 431208 C  H, NO,, 775N 68.42% .
'H NMR (400 MHz, MeOD) 6,: 7.14 (d, J = 8.8 Hz,
1H), 6.33 (d, J = 8.8 Hz, 1H), 2.04~1.08 (m, 13H), 0.88
(s, 6H); "C NMR (101 MHz, MeOD) é.: 170.87, 150.85,
150.34, 133.88, 119.75, 110.43, 107.57, 55.02, 51.80,
43.83, 40.93, 33.36, 31.69, 30.73; ESI (m/z): [M-H]"
330.18.

S NIE-1-2E B 22,3, 4- = 3 S IR G (21), VR 4L
g g, 1208 CH,,0,, 7% N 11.83%. 'H NMR
(400 MHz, MeOD) 6,: 7.29 (d, J = 8.9 Hz, 1H), 6.41
(d, J = 8.8 Hz, 1H), 3.90 (s, 2H), 2.05~1.62 (m, 15H);
“C NMR (101 MHz, MeOD) §,.: 171.78, 152.61, 152.29,
133.71, 122.04, 108.56, 106.25, 75.18, 40.41, 34.59,
29.57; ESI (m/z): [M-H] 317.16.

N- (4 W B -1- 25 R 3E)-2,3,4- = 5 5 5% FF Ik i
(2m), IR R K, 7 F X C H,,NO,, 725 54.68%.
'H NMR (400 MHz, MeOD) 6,;: 7.20 (d, J = 8.8 Hz,
1H), 6.38 (d, J= 8.8 Hz, 1H), 3.06 (s, 2H), 2.02~1.90 (m,
3H), 1.83~1.53 (m, 12H); "C NMR (101 MHz, MeOD)
4.:171.55,150.99, 150.61, 133.98,119.55,109.49, 107.80,
51.72, 41.49, 38.07, 35.61, 29.83; ESI (m/z): [M-H]"
316.16.

2,3,4- = 2 B -N-(3- 2 5 & W Jot - 1- 52 2K A It fi
(2n), W% EAER S &, 7 08 C L H, NO,, 72 %R
40.49%. 'H NMR (400 MHz, MeOD) 6,;: 7.16 (d, J =
8.9 Hz, 1H), 6.34 (d, J = 8.8 Hz, 1H), 2.74 (s, 2H),
2.35~1.99 (m, 10H), 1.76~1.69 (m, 2H); “C NMR
(101 MHz, MeOD) §.: 171.02, 150.94, 150.53, 133.90,
119.86, 110.14, 107.64, 64.23, 55.96, 53.34, 40.67,
35.51,33.93, 30.75; ESI (m/z): [M-H] 318.13.

N-(1-(&WlE-1-35) 2. 55)-2-(3,4,5- = F ) 2
Iz (20), 3 PR, 95+ X8 C H, NO,, 7= %N
89.75%. 'H NMR (400 MHz, MeOD) 6,;: 6.32 (s, 2H),
3.57 (q, J = 6.9 Hz, 1H), 3.32 (s, 2H), 1.96~1.45 (m,
15H), 1.01 (d, J = 6.9 Hz, 3H); "C NMR (101 MHz,
MeOD) 6.: 174.04, 147.19, 127.80, 109.18, 54.39, 43.80,
39.39, 38.11, 37.36, 29.82, 14.30; ESI (m/z): [M-H]"
34421,

N-(4 W g -1-35)-2- (3,4, 5- = #5858 2 Bk B
(2p), Wk K, 4 F XN C H,NO,, 7% K 86.08%.
'H NMR (400 MHz, MeOD) J,;: 6.27 (s, 2H), 3.20 (s,

2H), 1.85 (m, 15H); "C NMR (101 MHz, MeOD) 4§
173.82, 147.07, 133.08, 128.13, 109.01, 52.85, 44.50,
42.27,37.47, 30.90; ESI (m/z): [M-H] 316.18.

N-CUIR[1.1.1]7%-1-95)-2-(3,4,5- = R H38) 2. Tk
% (2q), R0 B MR Y, 4y 7 X8 CH NO,, 77 %R
93.51%. 'H NMR (400 MHz, MeOD) ¢,;: 3.23 (s, 2H),
2.40 (s, 1H), 2.07 (s, 6H); "C NMR (101 MHz, MeOD)
J: 175.18, 146.93, 133.14, 126.96, 108.91, 53.45, 43.22,
41.25,25.52; ESI (m/z): [M-H] 248.11.

N-(3,5- . H R G Rl Be-1-38)-2-(3,4,5- = F FL 4 3t
LWz (2r), 3 A, 518 C,H,NO,, 77 %K
58.33%. 'H NMR (400 MHz, MeOD) 6,;: 6.27 (s, 2H),
3.20 (s, 2H), 2.14~1.07 (m, 13H), 0.83 (s, 6H); °C NMR
(101 MHz, MeOD) J.: 173.83, 147.03, 133.05, 128.08,
109.00, 54.48, 51.70, 48.20, 44.47, 43.73, 40.68, 33.21,
31.53, 30.66; ESI (m/z): [M—H] 344.21.

& W e -1- F 3 -2-(3,4,5- = B HL R L) 2 R TR
(2s), B K, 7T N C,H,,0,, 728 56.33%.
"H NMR (400 MHz, MeOD) 6,,: 6.29 (s, 2H), 3.66 (s, 2H),
3.38 (s, 2H), 2.03~1.42 (m, 15H); "C NMR (101 MHz,
MeOD) 6.: 174.20, 147.01, 126.49, 109.36, 75.17, 42.03,
40.17, 38.00, 34.53, 29.52; ESI (m/z): [M-H] 331.18.

N-((Z=WIHE-1-38) 1 JE)-2-(3,4,5- = F L A3k ) 4Tk
& (2t), ¥ ¥ € [ 4k, 4> 1 08 CH,NO,, 7= % R
69.87%. 'H NMR (400 MHz, MeOD) 6,;: 6.31 (s, 2H),
3.30 (s, 2H), 2.85 (s, 2H), 1.95~1.41 (m, 15H); °C NMR
(101 MHz, MeOD) 6.: 174.93, 147.15, 133.19, 127.78,
109.20, 52.00, 43.77, 41.17, 37.99, 29.72; ESI (m/2):
[M-H] 330.19.

2 Mpro #PH]RX 38

76 1 pmol- LR E R, M H br it &%) 2a~2¢ X4f
SARS-CoV-2 Mpro Il 36 45 1 W3R 1, &) 2e
A1 2m % Mpro 40 1) 2208 5 T PR I 25 2, R
A B I A AR T BA A 0

F3E VBT 1) H AR S ) 2e.2m . 2p 5 BHPE X IR
73 79 SE AR IC ) B 8 MR FEBR EE 8.4.2.1.0.5.0.25

Table 1 Inhibition activity of compound 2a -2t against SARS-

CoV-2 Mpro at the concentration of 1 pmol-L"

Inhibition Inhibition Inhibition
ratio/% ratio/% No. ratio/%
2a 16.60 2h 15.20 20 18.80
2b 36.70 2i 35.77 2p 63.38
2¢ 13.34 2j 39.62 2q 45.33
2d 40.08 2k 57.52 2r 16.63
2e 75.21 21 63.22 2s -2.93
2f 50.85 2m 77.28 2t -5.34
2g 40.42 2n 43.05 Baicalein 66.93
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0.125.0.062 5 umol-L", %F H 347 SARS-CoV-2 Mpro i
HAEFVEAY, W€ IC, 1. & REW, A 2e.2m.
2p ¥ 3 T R A WY SR R AR R RO T ) A (1 3)
A5 W 2¢ Al 2m Y IC,, 16 73 71l 79 0.98 F10.36 pmol L™
W) 2e 5 FH 1 S MO R, LAY 2m BOR
R A HNE . NG EE, LE Y 2m 55
FIMFRILH A BIT ML . AV 2m 488 =
Wy v BN 4 WGy B TA) e 42 R i s 1 A 3 A, X — R
A E C-C,-C [N 45 1 Rr s B A BL . PRI, 1%
GERIHF ST BE R AL A 2m G ME R I SR A, AL A
W) 2e 55 55 FAH LG PERS AR, HEN 45 0 b BL AT T 1Y)
Ti7y 322 2 of 0081 Mipro i A JEC O B A A o
3 T

¥ ¥ %5 % . 2e.2m.2p 55 SARS-CoV-2 Mpro (PDB:
6m2n) HEAT /TR, S5 R MFR 2 iR MRS R ]
PAFE A &9 2e ELFRPERC AR (GE2R) 1950 5 5, R
2e 5 Mpro & I EME DA . AL &4
2m W B K Z % (LogP 1H) AN 2.51E0~3 W, KWz
HVEA RIFEANBACHIE J1. sAh, (&Y 2m
IR LAl G W) rh A RO 2 R i 2 S .

¥ bR GE B AL S Y 2m 5 SARS-CoV-2
Mpro #EAT %82 J5 1 ] RLAG DL I 4, Z A & AR R =
My BB S S A EAEH, &Nl B E S E
HRATKMEEAERH. HT Mpro ] Cys145-His41 i
b AR B W T IR 5 B Mipro PR AR AL I 1 AN B AR F R
3 &, Kk B Atk &4 e 5 iR PAS 8 AL
T R A S5 1 A L A K 2 5 Mipro 3 P P2 AR B i . b
A0 2m ALK =Wy BEAT 5 Cys145.Leul41.Gly143
SR AR AR LN i SRR AE AR, 4 Wil BE 5 Hisdl

A B 2e

Exh

1Cs0=0.98 pmol L
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AERBELHKMHEIEH. YR AESRES
Glul66.Met165.Leul4l.Asnl142.Gly143 7% 3 K& 4
SEEAH EAE R, AR C AR Cys145 i@ 1 & 8 A
- R AR SN M B AE A, Hisdl 5 B R n-n #H H.
TEH . A& 2m AR — 3% 5 Mpro IE H J7 At
AL, AR =W A B2 5 Leul41.Gly143 5% L T %
Ak, HWE #REE S Cys145 7 g K A B AR H, 4RI
ot BRI 2R R 1 5 oG B ik 5 His41 43 73l JE i Alky -z
m-w BLKVE R, X SeE F ] DA sR oy F IR 456 1. A
Al A & 9 2m Horbh — A R AR BE L3 5 Cys145 77
A S AR HAE L, LAY 2m AMUS Cys145 T &
M as SR, S NIBE B Hisdl 55 5% HE 38 T A
g 7K A ELAE FH BEL LB JR A 2E N 1 AR ST/ S2 7
A, T A 3] 38 5 A 1) Mpro W& 1 I RCR
4 g
Mpro #2 56 R Ji 25 4 1l 71 B EE AR AT, V2

Q7R =T Fr B R R AR 7= 4 B A ¥ AE (1 49 1) Mprro [
W, DA T s 0 BOsL T B AR R =B AU,
R RV M BT I B Sk A o WA R H AR AL
A YIEAT Mpro (R0 S MR K 43 70t 2, 45 R EoR
&Y 2m Gt s TS R, & WER T Mpro 1)
PR L AS (R Ak Bk Cys145-His4 1 7 45 .

SCIGER 4

FT A AN R TR e S5 . AR (200~
300 H) AT A Z 4T, K F 2 G ik AR (5 &
T H)VEAMT MG (i3 I RHA BR A &) 1=
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Figure 3 Inhibition of SARS-CoV-2 main protease (Mpro) by baicalein and different compounds. A: Baicalein; B: 2e; C: 2m; D: 2p

Table 2 Molecular docking score, hydrophobic parameters, number of hydrogen bond donors and acceptors, interacting residues and 1C,;

of the compounds. logP: Log of the octanol-water partition coefficient were obtained by using the ALOGPS 2.1 program

Docking H-bound H-bound . Lo . IC;,
No. Ligand binding site r
score acceptor donor /umol-L
2e =13 4.8 5 3 Cysl145, Gly143, Leul41, His163, Glul166, His41, Met49, Met165 0.98
2m -5.8 2.5 5 5 Cysl145, Gly143, Leul41, His41, Met49 0.36
2p =57 3.2 4 4 Cysl145, Ser144, Leul41, Met49, His41, Met49 1.89
Baicalein -7.0 2.8 5 3 Cysl145, Gly143, Asn142, Leul41, Met165, Glul66, Met49, His44, Cys44 0.93
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Figure 4 Visualization of molecular docking of baicalein-Mpro and 2m-Mpro complex. A: Visualization 3D diagram of baicalein with

Mpro; B: Visualization 2D diagram of baicalein with Mpro; C: Visualization 3D diagram of 2m with Mpro; D: Visualization 2D diagram of

2m with Mpro

1290 70 #8 w OBAT €2 1% - Agilent 6530 4 PO A AT K 47 A
T) BB 1 (35 [ Agilent 24 7)) 3755 1 Hdh
1 amEE
1.1 BEFEZEHL

¥ 3,4,5- =R ERXTI (AW, 10g, 1eq) TIA
CTRBHAEW (40 mL, 7 eq.) 1, SEPEAEH 780 V6 AR . B
J5 A8 IR AR R (100 pL, 0.1 eq.), N 5e ¥ Ja, ek
KRR GV E T =R A AT SR 15 ming £7 = R BHE
B B R, B IR BRI RS A I IR v, A AR
FER90 °C, kSt HE I N 15 mine [N 5E e, 37 B
RHOE BB VKK Y, FREE b B R B B UTE e A
TN R b RO iiFit € iR (A% NS E N SRR N
R, G2, HUHEM2 506 1IRAIED
bt- LR WG (122, viv) 3T )2 (26T, (&2 Lt
1P/, "H NMR (400 MHz, MeOD) 6, 7.78 (s, 2H),
231 (s, 9H); "C NMR (101 MHz, MeOD) J.: 169.44,
168.25, 167.40, 144.90, 140.03, 130.14, 123.27, 20.38,
20.07; ESI (m/z): [M-H] 295.05.
1.2 EBEAHE

B B2 (1.2g, 1 eq.) T DCM H1, S22 35 fin 5
Bt (4.5 mL, 13 eq.), B J5 22183 N 1~2 3 DMF, &
N4hfE, ¥RNERATERAMLEY3, HTESR
Mo A4 KRBT G A& 5.
1.3 HlEHEE
1.3.1  S5-((1-(ZRIkE-1-8) 2 &) | E BB E)F-1,2,3-
= ZEREE (1a) Kb 593 (200 mg, 1.1 eq.) 221 i N
FI¥ T DCM 1) 3 B2 4 W 2, % (187 mg, 1.5 eq.) Fl =
LM% (200 pL, 2.5 eq.) 1, SN Bf e 5E 4 e
1 mol-L" HCI M Z g LA HL, o 7K Btk 1R 44 T 18 6 ML
AH, VR R 4G 153 B =2 . R =P 200~300 H #E
JAEEHT, IE CObt- LR B8 (311, vv) BT, 15 2
A4 1a, 77 % 60.8%. ESI (m/z): [M+H] 458.22. %
AT %A i 1b~1g.

132 5-(&NikE-1-B) [ EREE)K-1,2,3-= 28
B (1b) DL 1-& Wt i S a6 J5okE, SR A 1a & 7
5, 15 B B 4K 1b, 77 % 56.27%. ESI (m/z): [M+H]"
430.19.

133 5-(REF[1.11]R-1-BEESEREE)FR-1,2,3-=2
BEEE (1c)  DAXUIA[1.1.1]0be - 1- ik #h R 28 v 2 46 it
BE, R 1a & BT, 15 30 AR e, 72 % 62.26%.
ESI (m/z): [M+H]' 362.12.

134 5-(3,5-—HE SN kk-1-2) & Bt &) *K-
1,2,3-= ZE&EE (1d) DA 3,5-— F L & Wb i ikt i iR
KL, K H 1a & 57, 19 29 844 1d, 722 25%. ESI
(m/z): [M+H]' 458.22.

135 5-(&NIkE-1-BEBSE)RE)K-1,2,3-= 28
fig (1e) DL 1-Wbe FFRE AR LG 5 RE, K H 1a & 57
W, 153 R R A Te, 7% % 38.94%. 'H NMR (400 MHz,
MeOD) 6,: 7.08 (s, 1H), 3.65 (s, 2H), 2.07~1.90 (m,
12H), 1.81~1.64 (m, 12H); "C NMR (101 MHz, MeOD)
d.:173.39,173.13,168.60, 146.53,139.78, 121.65, 110.01,
109.95, 75.17, 40.06, 38.02, 34.17, 29.52, 20.68, 20.49;
ESI (m/z): [M+H]" 445.19.

1.3.6 S5-(&RIE-1-ERE)FERBE)XK-1,2,3-=2
BREE (1) DL 1-4: Nkt A i ke 4 5ok, SR 1a &
Tk, 19 3] R EAA 1f, 72 % 39.02%. ESI (m/z): [M+H]"
444.20.

1.3.7 5-(G-BEENRE-1-B)FEFEE)%-1,2,3-=
ZERER (1g) DA 3-ZJE-1-4 Wt B ke 4 JE Rk, R H
la & 7%, 1839 a4k 1g, 723 27.24%. ESI (m/2):
[M+Na]" 468.16.

1.3.8 N-(1-(£RIkE-1-B)Z #)-2,34-ZHFEKH
BEBZ (1h) L& 5 (200 mg, 1.1 eq.) 2518 i hn 2115
T DCM ) £ 2 4 W 2.1 (255 mg, 1.5 eq.) F1 = £ fi%
(255 puL, 2.5 eq) H, RN K. fFRMNTEEE, H
1 mol-L" HCI Ml Z. 12 £ R A5 B, Jo /K it BR AN T 5 WL
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A, PR AR 5 43 B 2 . Rk = 0 200~300 H fiE
JRAEJENT, IE Chi- L8R B8 (301, vv) BEATHEL, 7531
) & 1h, 7% 3 33.96%. ESI (m/z): [M+H]" 374.23.
K ATV A K i~ 1n.

1.3.9 N-(£RK-1-5)-2,3,4-= B FE X HELER (10)
DA 1-4 W o fi R L i kL, SR Th & RO V5, 15 2
[AI4A 14, 7= 3 73.45%. ESI (m/z): [M+H] 346.20.
1.3.10  N-(WEF[1.1.1]/%-1-5)-2,3,4- = B E X BEE
BZ (1j)  DABUR[1.1.1] 0 be-1- i 5 1% 36 o e 46 5 Rk
KA 1h & 72, 15 3 aAE 1§, 7 2 64.95%. ESI
(m/z): [M+H]" 278.14.

1.3.11 N-G3,5-ZHEENIE-1-5)-2,34- = FAFEXK
BEEAE (1k) DL 3,5- - F L S I e e A s R R, SR
F 1h & %7732, 15 2 8] 44 1k, 77 2 81.51%. ESI
(m/z): [M+H]" 374.23.

1.3.12 £RkR-1-E B E-2,3,4-= B F E X FER 5
an B I-E R RN LG R, SR Th & T2,
R AA 11, 772 83.74%. ESI (m/z): [M+H] 361.20.
1.3.13 N-(&RKE-1-E R H)-2,34- = A FE KB
BZ (1lm) DL 1-&WIbE iR 46 )5 k), R 1h & RO
%, A3 B8] A 4K 1m, 77 % 84.7%. 'H NMR (400 MHz,
CDCL,) d,: 7.91 (d, J = 8.9 Hz, 1H), 6.77 (d, J = 9.0 Hz,
1H), 4.00 (s, 3H), 3.89 (d, J = 7.8 Hz, 6H), 3.16 (d, J =
6.0 Hz, 2H), 2.01~1.97 (m, 4H), 1.77~1.60 (m, 9H),
1.50~1.45 (m, 2H); °C NMR (101 MHz, CDCL,) .
165.18, 156.34, 152.37, 141.80, 126.92, 119.26, 107.65,
61.96, 61.10, 56.17, 51.44, 40.59, 40.03, 37.18, 37.14,
37.04, 33.88, 28.42, 28.32; ESI (m/z): [M+H]" 360.22.
1.3.14 N-G-BREENIkR-1-5)-2,34-= AEF EFFEL
B& (In) DL 3-8 2E-1- NI B NS 6 I kL, SR A th &
B, A B A In, P55 34.8%. ESI (m/z): [M+Na]”
384.18.

1.3.15 N-(1-(&Rkz-1-F) 2 #)-2-3,4,5-=FHEEF
E)ZEERZ (10) #12.3,4 - =HAIZEZB (100 mg,
1.1 eq). 2 R 4 W 2. % (87 mg, 1 eq.)~ EDCI (92 mg,
1.2 eq.) f1 DMAP (59 mg, 1.2 eq.) ¥ T N i 7 DCM
o SR . K B S 1T mol-L! HCL A 4R 2.
BRAEHL 3 IR, Tk B BB T 18 HLAH, IR R 47 75 21k
FEW . KR A 200~300 B R A E AT, IFE S k-
CTR W (311, viv) BEAT BEIBL, 15 2 %) B A 44 1o, 7=
% 81.15%. ESI (m/z): [M+H] 388.25. KK MLE
TiEE R 1p~1t.

1.3.16 N-(&RkE-1-5)-2-3,4,5-=HEEEH) B
BZ (1p) DA 1-& W i e 4 k), R A 10 & BT
w5, B3 d Ak 1p, 2 % 75.57%. 'H NMR (400 MHz,

CDCL,) 6,: 6.45 (s, 2H), 3.85 (d, J = 6.6 Hz, 9H), 3.41
(s, 2H), 1.95~1.93 (m, 5H), 1.68~1.63 (m, 6H), 1.58
(s, 4H); "C NMR (101 MHz, CDCl,) d.: 170.05, 153.59,
149.45, 131.32, 106.35, 61.04, 56.31, 52.13, 45.43, 41.68,
36.43,29.53; ESI (m/z): [M+H] 360.22.
1.3.17 N-(BER[1.1.1]/%-1-%)-2-3,4,5-=FHEEXE
E)ZBRR (1q)  DABUGAR[LL 1]k -1- 1 26 R 26 e
SR KL, K 10 & HOTVE, 19 2 H4A 1q, 775 49.88%;
ESI (m/z): [M+H]' 292.15.
1.3.18 N-3,5-“HEENIKR-1-5)-2-34,5-=HEE
FE)CERR (r)  DL3,5- - H R SR NI FRL,
K H 1o & BT %, 19 F [ 4K 1r, 72 % 86.6%. ESI
(m/z): [M+H]" 388.25.
1.3.19 £NlkE-1-EBRE2-345-ZHEEFE) TR
fig (1s) LA 1-@ Wk I v 46 5ok, SR 10 & 0T
i, 15 B R AR s, 75 % 97.69%. ESI (m/z): [M+H]"
375.22,
1320 N-(&RIkE-1-£) B E)-2-3,4,5-=Z=FHEEXK
E)ZBiBE (1) DL 1-4 Nk i Rk 4 R, SR
lo & 7%, 158 Al 4K 1t, 77 % 79.29%. ESI (m/2):
[M+H]" 374.23.
14 MEEIMNZEBIEMBEXLRIP BRESS
5L R B 2 A (la~1g) HIZK & IExS iy e
I OB AR . SR B (1 R T4 (30 mg,
1 eq.) % T DCM R A, IIAKE I (7 eq.), =i
SR h JE T R . F 1 mol-L”! HCL AN .8 2. g A
B, To/K B BREAT 1A MUAH, R IR A 43 B 4 72 o

o LR My R 1R (AR (Th~ 1) SR % 5 B
FEILARY . 7E0 °CF, FHEfA (30 mg, 1 eq.) ¥ T DCM
A, S8 N = IRALEIE I (11 eq.), 15 min J5 3287 1%
HEERRMN10 he FHUKKER RN, H 8 BERERL
3R, To/KERBR AT 1A HUAR, R IR 4G 43 B 4 72
1.5 Mpro#il#HIREE 12 FH FRET & A Bg 7 Hr R &
1k & W) % SARS-CoV-2 Mpro (#4111 3% 14, % 6 &4
MCA-AVLQSGFR-Lys (Dnp)-Lys-NH, (Beyotime). &
T FRET (1) 8 A B ES 40 R o 5 pul i) SARS-CoV-2
Mpro (K JE 94 pmol-L™) 5 155 pL 2/ (50 mmol-L™!
Tris-HCI, pH 7.2, 1 mmol-L" EDTA) /&4, A 20 uL A~
[ 94 5 o P AL & 9, 9T 36.9 °CEIE ¥ & 10 min.
BRI 20 puL (KR S 20 pmol- L) % 6K 51 K&
J< M. {# FH Bio-Tek SynergyH1 (2 T BT FLARAS M4
SRR 5] 152 28 7E SR IR K 320 nm A A& B R K 405 nm 1)
PGB FHHTINE, SRR . IS5 [ xR 2
ELE, A 2R
1.6 SFxE AN EMNTSIFEYHEH
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AutoDockTools 1.5.7 347, ¥4L&418 F Open Babel
GUI1 g8 = i /IMb 5 5 A\ AutoDockTools, Ff5%t H 3 171
BT A B I root GE R T IS B S, RN
pdbqt %X . M H B HE ZE 1k % SARS-CoV-2 Mpro
(PDB: 6m2n), #EAT 25 BR7K 7 A B R AT S 0 i
TR LT 58 5 R ORAF N pdbat S, JF i B R
¥ (center x = —47.06; center y = 0.85; center z = —7.35),
H A0 3 58 A S PR B SO R AT X B

B STHK: D B T e i A 3 A o AR B ST 4
G T A 58 R A S AR R T AN 5K 8
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M B A AEH A UIAFAER B R R AR
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